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Abstract:
Purpose: To determine the effect of acute bouts of moderate- and high-intensity walking 
exercise on non-exercise activity thermogenesis (NEAT) in overweight and obese adults.
Method: 16 participants performed a single bout of either moderate-intensity walking 
exercise (MIE) or high-intensity walking exercise (HIE) on two separate occasions. The 
MIE consisted of walking for 60 minutes on a motorized treadmill at 6 km.h-1. The 60-
minute HIE session consisted of walking in 5-min intervals at 6 km.h-1 and 10% grade 
followed by 5-min at 0% grade. NEAT was assessed by accelerometer on three days before, 
the day of, and three days following the exercise sessions.
Results: There was no significant difference in NEAT vector magnitude (counts.min-1) 
between the pre-exercise period (days 1-3) and the exercise day (day 4) for either MIE or 
HIE protocol. In addition, there was no change in NEAT during the three days following the 
MIE session, however NEAT increased by 16% on day 7 (post-exercise) compared with 
exercise day (P = 0.32). However during the post-exercise period following the HIE session, 
NEAT was increased by 25% on day 7 compared with the exercise day (P = 0.08), and by 
30-33% compared with pre-exercise period (day 1, day 2 and day 3); P = 0.03, 0.03, 0.02, 
respectively.
Conclusion: A single bout of either MIE or HIE did not alter NEAT on the exercise day or 
on the first two days following the exercise session. However, monitoring NEAT on a third 
day allowed the detection of a 48-h delay in increased NEAT after performing HIE. A 
longer-term intervention is needed to determine the effect of accumulated exercise sessions 
over a week on NEAT.
Keywords: Non-exercise activity thermogenesis; Compensatory response; Accelerometer; 
Weight loss.
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Introduction 
Paragraph number 1 The prevalence of obesity, a major risk factor in the development of 
type 2 diabetes and increased morbidity and mortality, has increased rapidly in recent 
decades (7,27). Exercise represents an important intervention for weight loss through the 
potential to raise energy expenditure, assuming that energy intake is not increased 
concomitantly (5). However, the results of some exercise interventions are disappointing as 
some participants do not achieve the theoretical weight loss associated with the expected 
increase in total energy expenditure (TEE) (30,32). One possible cause of this is 
compensation for the energy expenditure during the exercise sessions through a reduction in 
energy expenditure from non-exercise activity thermogenesis (NEAT) (12). As a result of 
this compensation, TEE is unchanged and thus weight loss may not occur (10). 
Paragraph number 2 NEAT is defined as the energy expenditure of all physical activities 
other than volitional exercise, such as the activities of daily living, small muscle movements, 
spontaneous muscle contraction, and postural maintenance (17). The role of NEAT in the 
development of obesity has been highlighted by the fact that a failure to increase NEAT 
levels may result in fat gain in susceptible individuals and the maintenance of leanness in 
others (17,18). The energy cost difference due to time spent in different postures such as 
standing, sitting, or lying may be as large as 2000 kcal.day-1 between two people of similar 
body size (16). The variability in fat gain has been found to be inversely related to a 
participant’s ability to increase NEAT (17), suggesting that promoting increased NEAT 
along with structured exercise may be a promising strategy to increase overall TEE and thus 
weight loss.
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Paragraph number 3 Although several studies have observed that participants reduce their 
NEAT during the remainder of the day or on non-exercise days as a response to exercise 
training (6,11,15,19,22,23,25,28), the factors that may influence this compensatory response 
remain unknown. A possible factor that may affect how individuals respond to exercise is 
the intensity at which the exercise is performed. In elderly cohorts, it has been observed that 
an addition of structured exercise training to the day was compensated for by a significant 
decrease in NEAT (6,22). The proposed reason for this compensatory decline in NEAT was 
the high level of exercise intensity. However, because a comparison with NEAT subsequent 
to moderate- or low-intensity exercise was not undertaken, the influence of exercise 
intensity per se in elderly participants could not be confirmed. Evidence of the differential 
impact of exercise intensity on NEAT has been shown in a study of obese boys. Kriemler et 
al. (15) examined the impact of a single exercise bout on energy expenditure and NEAT in 
14 obese children (10-15 yr). NEAT on the day following the exercise session was increased 
when exercise was of moderate-intensity but decreased following an intense bout of 
exercise. Further, the limited duration used to measure NEAT in this study (one day before 
and one day after the single bout of exercise) may not provide a reliable estimate of usual 
daily physical activity (29), or could fail to detect a delayed change in NEAT due to the 
brevity of the measurement period after the exercise. It is commonly recognised that delayed 
onset of muscle soreness (DOMS) can persist for days after an unaccustomed exercise bout 
(2,9). In a review of the literature, Cheung et al. (2003) explain that the intensity of 
discomfort increases within the first 24 hours following cessation of exercise, peaks between 
24 and 72 hours, subsides and eventually disappears by 5–7 days post-exercise. Therefore, 
measuring NEAT for a longer duration (e.g. across a 7-d monitoring protocol) will provide 
more information about the influence of different exercise intensities on NEAT and its 
patterns relative to time (29). The aim of this study, therefore, was to determine whether an 
AC
CE
PT
ED
acute laboratory-based intervention comparing moderate- and high-intensity exercise would 
differentially influence NEAT in overweight and obese adults. NEAT was assessed using an 
accelerometer for three days before, the day of, and three days following, the exercise 
sessions. It was hypothesised that both walking exercise bouts would decrease NEAT on the 
day of exercise and on the three days after the structured exercise session. It was further 
hypothesised that the two walking exercise bouts would affect NEAT differentially, with the 
high-intensity session resulting in greater compensation.
Methods
Paragraph number 4 16 overweight and obese male adults (mean ± SD: age 26.5 ± 3.0 yr; 
height 170 ± 8.4 cm; body mass 87.3 ± 22.0 kg; body mass index 30.0 ± 5.6) took part in 
this study. All participants were sedentary, and participated in less than one hour per week 
of physical activity. Written informed consent was obtained for all participants before the 
start of this study. Approval was obtained from the Human Research Ethics Committee of 
the Queensland University of Technology.
General design
Paragraph number 5 This study was conducted using a cross-over repeated measures 
design in which each participant served as his own control (Fig. 1). Participants took part in 
two different conditions; moderate-intensity walking exercise (MIE) and high-intensity 
walking exercise (HIE). In both conditions, NEAT was measured via accelerometry for three 
consecutive days prior to the exercise manipulation on the day of, and for the following 
three days after the walking exercise bout. 
A single walking exercise bout at moderate- and high-intensity
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Paragraph number 6 Two walking exercise bouts at either moderate- or high-intensity were 
performed between 6:00 and 8:00 am one week apart. The MIE session consisted of walking 
for 60 minutes on a motorized treadmill at 6 km.h-1. The HIE session consisted of 60 minutes 
of interval walking at 6 km.h-1 and a 10% grade for five minutes followed by five minutes at 
0% grade; the theoretical vertical displacement was 300 m. We have previously shown this 
walking speed occurs between the “walking for pleasure” pace and maximal walking speed 
over a 2 km trial for obese adults (8). All participants, with the exception of one individual 
(BMI = 45 kg/m2) who walked at 5 km.h-1, were able to walk for 60 min at 6 km.h-1. A Polar 
HR monitor (Polar Electro Oy, Kempele, Finland) was worn during both walking exercise 
bouts. For the MIE session the average  HR for the group was 127 ± 12.8 bpm, whereas for 
the HIE session the group had an average HR of 132  ± 15 bpm during the 5-min horizontal 
walking and 163  ± 14 bpm during the 5-min walking at a 10% incline (the overall HR for 
HIE was 147 ± 14 bpm). The energy costs of the exercise sessions were calculated using 
ACSM equations for estimating the total rate of energy expenditure (gross VO2), in 
ml.kg-1.min-1 (1). The energy costs of the exercise sessions were calculated using ACSM 
equations for estimating the total rate of energy expenditure (gross VO2), in ml.kg-1.min-1 (1).
The estimated gross VO2 determined by the ACSM walking equation: 
Walking VO2 (ml.kg-1.min-1) = [(Speed (m.min-1) × 0.1) + (Speed (m.min-1) × grade (%) × 
1.8) + 3.5]. 
The estimated gross VO2 was then converted to energy expenditure (kcal.min-1) using the 
following equation:
Exercise energy expenditure (kcal.min-1) = ((estimated gross VO2 (ml.kg-1.min-1) × body 
weight) / 1000) × 5 × exercise duration (minute).  
The conversion of VO2 to energy expenditure is based on the assumption that each litre of 
O2 is equivalent to 5 kcal. Although it is accepted that this value overestimates the energy 
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cost of activities characterised by a respiratory quotient (RQ) < 1.0, when RQ is not known, 
as was the case for the current study, the value of 5.0 kcal.L-1 is recommended (1). 
Paragraph number 7 Mean energy costs of the MIE and HIE sessions were 353 ± 89 kcal 
and 589 ± 149 kcal, respectively. To minimize the potential confounding effect of weekends, 
day 1 for MIE and HIE was randomly scheduled on either Monday or Friday. Therefore, the 
day of the exercise manipulation (day 4) was randomly scheduled on either Thursday or 
Monday, and the order of the two exercise manipulations was counterbalanced. By doing so, 
weekends for the first half of participants were after the exercise day, and weekends were 
before the exercise day for the other half. The order of the conditions was counterbalanced. 
The day of the week of the walking exercise session was fixed within participants. All 
participants were familiarized with the motorized treadmill by walking slowly for 5-min. 
NEAT assessment
Paragraph number 8 NEAT was measured using a tri-axial accelerometer: StayHealthy 
RT3 (StayHealthy, Inc., Monrovia, CA). The device weighs 65.2 g (7.1 × 5.6 × 2.8 cm) and 
measures acceleration in three individual planes (horizontal, vertical, lateral), and then 
integrates accelerations to yield one value; the vector magnitude (VM). In order for the data 
to be collected for 7 days, the epoch duration was set at 1 min. The RT3 accelerometer was 
worn by all participants for a period of seven consecutive and complete days including 2 
weekend days (three days before the experiment, the day of an exercise laboratory visit and 
the following three days). Participants were instructed to clip the accelerometer to the 
waistband in line with their right hip and to wear the device at all times except during 
sleeping or when there was risk of contact with water. In order to interpret potential 
irregularities in the data and/or adjust for non-wearing times, all participants were required 
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to complete a daily self-report log indicating the time they woke in the morning, the time 
they placed the RT3 on their hip, the time they removed the RT3, the time they went to bed, 
and the time and reason for any unusual circumstances which caused the removal of the 
RT3. All participants met the criteria of having valid RT3 data as defined as having 10 h or 
more of movement registered (3). 60 consecutive minutes with no movement data (zero 
activity) was considered to be non-wearing time which was subtracted from 24 hours. For 
RT3, a VM between 0 to 20 counts per minute was defined as a threshold of sedentary 
activity (13). Each participant used the same RT3 unit at each assessment (14). 
Paragraph number 9 The RT3 data of the exercise task was excluded from the data of the 
exercise day and then adjusted by using the following formula: total vector magnitude 
(counts.d-1) = [(total vector magnitude (counts.d-1) / 23) × 24]. Prior to using the RT3, it was 
initialised with the participant’s age, gender, height, and weight. When removed from the 
participant the activity data were down-loaded to a computer using Microsoft Excel©.
Paragraph number 10 As there are differences in biomechanical efficiency of movement 
between individuals, calculation of an activity-related time equivalent based on 
accelerometry (ArteACC) was also calculated for each individual; this is defined as an index 
of time spent in accelerometer-measured activity equivalent to that of a reference exercise 
activity (26). ArteACC was calculated as: ArteACC (min.d-1) = [total daily activity counts 
(ACs) (counts.d-1)/ reference exercise ACs (counts.min-1)]. The reference exercise ACs was 
determined by calculating the mean of activity counts obtained during MIE session (i.e. 
walking at constant speed at 0% grade).
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Statistical analysis and treatment of data
 Paragraph number 11 Statistical analyses were carried out with SPSS for Windows 
(Version 16). Data were expressed as mean values and standard deviations (SD). To 
compare scores on the total daily VM (counts.min-1), NEAT VM (counts.min-1), and 
ArteACC (min.d-1) across all days (day1 to day14) a one-way repeated measures ANOVA 
was conducted. If there was no effect of time, the total daily VM (counts.min-1) and NEAT 
VM (counts.min-1) in days 1 to 3 (pre-exercise) and days 5 to 7 (post-exercise) were pooled 
and used for later analyses. 
Paragraph number 12 A two-way repeated measures analysis of variance (ANOVA) (2 
(exercise intensity protocols) × 3 (times: 3-day pre-exercise, exercise day, and 3-day post-
exercise) was conducted to assess the impact of two different exercise intensity protocols 
(moderate- and high-intensity walking exercise) on the total daily body movements VM 
(counts.min-1), NEAT VM (counts.min-1), and ArteACC (min.d-1)  across three periods (3-day 
pre-exercise, exercise day, and 3-day post-exercise).  Statistical significance was accepted if 
P < 0.05. 
Results
Paragraph number 13 Mean (±SD) NEAT VM (counts.min-1) and ArteACC (min.d-1) for 
MIE and HIE protocols: pre-exercise days (d1-d3), exercise days (d4) and post-exercise 
days (d5-d7) are shown in Table 1. Individual data of NEAT VM (counts.min-1) across 7 
days for MIE and HIE are also shown (see figure, Supplemental Digital Content 1, which 
shows all individual data of NEAT VM (counts.min-1) for MIE across all days (day1 to 
day7); see figure, Supplemental Digital Content 2, which shows all individual data of NEAT 
VM (counts.min-1) for HIE across all days (day1 to day7)).
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Paragraph number 14 When comparing NEAT VM (counts.min-1) across the 14 days of 
testing, a repeated measures one-way ANOVA revealed that there was a significant effect of 
time (P = 0.001) (Fig. 2). Post-hoc comparison indicated that there was no significant 
differences in NEAT VM (counts.min-1) between d1-d3 (pre-exercise period) in both MIE 
and HIE protocols. There was also no significant change in NEAT VM (counts.min-1) on the 
exercise day after performing structured exercise session in both MIE and HIE protocols 
(113.5 ± 43.5; 117.7 ± 39.8,  respectively). NEAT VM (counts.min-1) did not differ 
significantly between d5-d7, the three days following the structured exercise in the MIE 
protocol. Despite NEAT VM (counts.min-1) increasing by 16% on d7 (pre-exercise) 
compared with the exercise day in the MIE protocol, it was not statistically significant (P = 
0.32). NEAT VM (counts.min-1) did not differ significantly between the first two days (d5 
and d6) following the HIE session. However, NEAT VM (counts.min-1) increased by 25% on 
d7 (pre-exercise) compared with the exercise day (P = 0.08), and by 30-33% compared with 
pre-exercise period (P = 0.03, 0.03, 0.02), respectively. The increase in NEAT VM 
(counts.min-1) observed on d7 (pre-exercise) in HIE protocol was not affected by the order 
that the two exercise intensities were performed.
Paragraph number 15 When the 60-min of prescribed exercise data (counts.min-1) were 
included in the day of exercise, total daily movement (NEAT plus 1h exercise) on the 
exercise day increased significantly in both MIE and HIE protocols, although total daily 
movement on the two exercise days did not differ (204.3 ± 50; 209.6 ± 48, respectively – see 
Fig. 3). For both MIE and HIE protocols, total daily movement (counts.min-1) on the exercise 
days was increased significantly by 48% compared with pooled pre-exercise period value 
(d1-d3) and by 44% compared with the pooled post-exercise period value (d5-d7). 
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Paragraph number 16 In order to have a reliable estimate of NEAT and despite the fact that 
there was significant difference in NEAT VM (counts.min-1) on d7 in the HIE protocol, d1-
d3 (pre-exercise) and d5-d7 (post-exercise) were pooled for both exercise intensities (Fig. 4). 
A two-way repeated measures analysis of variance was conducted and revealed no 
significant effect for an exercise intensity × time interaction; F (2, 14) = 0.06, P = 0.94. The 
ANOVA also revealed no significant main effect of time (F (2, 14) = 1.09, P = 0.33), with 
no changes in NEAT VM (counts.min-1). There was no significant change in NEAT VM 
(counts.min-1) between MIE and HIE; F(1, 15) = 0.34, P = 0.56. 
Paragraph number 17 When ArteACC index was calculated, the main effect for exercise 
intensity, time (pre-, the same day and post-exercise), and the interaction effect between 
exercise intensity and time remained statistically non-significant; F(1, 15) = 0.68, P = 0.42; 
F(2, 14) = 1.67, P = 0.22; F(2, 14) = 0.16, P = 0.85, respectively (Fig. 5).
Discussion
Paragraph number  18 While  our  results  provide  further  support  for  the  importance  of 
exercise  to  increase  the  net  daily  movement  of  overweight  and  obese  participants,  the 
primary finding from this study was that the exercise sessions had no immediate debilitative 
effect on NEAT on the day of exercise or on the following 2 days. However, there was a 
delayed increase in NEAT 48 h after performing a 60-min HIE session. With the exception 
of  Manthou  et  al.  (19),  no  previous  study has  investigated  the  acute  effect  of  exercise 
intensity on NEAT in obese adults. Our results are contrary to the findings of Goran and 
Poehlman (6) in the elderly, Kempen et al. (11) in obese women, and Kriemler et al. (15), in 
obese  boys.  The  reduction  in  NEAT  following  intense  exercise  session  was  partially 
explained by the possibility that  NEAT may decline due to fatigue and discomfort.  This 
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notion was supported by Goran and Poehlman (6) who found a significant average decrease 
[62% (571 ± 386 to 340 ± 452 kcal.day-1)] in NEAT in response to endurance training in 
elderly men. The compensatory decline in NEAT during the remainder of the day may have 
occurred  because  of  the  high  intensity  of  the  exercise  (85% of  O2max).  Consequently, 
elderly people fatigued during the remainder of the day. Results are also consistent in obese 
women who participated in moderate aerobic training (50-60% O2max). The combination of 
exercise-induced energy expenditure with an energy-restricted diet did not accentuate weight 
loss because the training was partly compensated for by a decrease in NEAT outside the 
training  sessions  (11).  In  obese  children,  NEAT  was  increased  when  exercise  was  of 
moderate-intensity  but  decreased  following  an  intense  bout  of  exercise.  This  finding 
supports  the  contention  that  moderate-intensity  exercise  is  better  tolerated  than  high-
intensity  exercise,  especially  for  obese  individuals.  Previous  research  suggests  that  time 
spent  in  moderate-intensity  activities  is  potentially  more  effective  for  increasing  overall 
levels of energy expenditure compared with high-intensity activities (31). The findings of 
the current study did not concur with results of earlier studies.
 
Paragraph number 19 The difference in duration of imposed exercise could explain the 
different outcome between our study and those of Kriemler et al. (15) Goran and Poehlman 
(6). Furthermore, the mode of exercise (i.e. cycle ergometer) used in both earlier studies was 
different to the treadmill walking in our study. Cycling could cause more localised muscle 
fatigue than treadmill walking (4), however this comparison has not been undertaken. Most 
importantly, the choice of method and period measured to detect change in NEAT is critical. 
In our study, accelerometry with time interval was chosen to allow us to detect changes in 
NEAT,  especially  during  the  period  that  follows  exercise.  This  would  be impossible  to 
determine using the doubly labelled water technique (DLW), as in the Goran and Poehlman 
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study (6), because the technique cannot discriminate  between activity types  and exercise 
time intervals. Also, in our study, NEAT was measured for 3 days following each exercise 
session which provided the opportunity to detect changes in NEAT 48-h after the exercise 
session. If the choice of measurement  period was limited to 24-h following the exercise 
session as in the study of Kriemler et al. (15), any changes in NEAT beyond 24-h would go 
undetected. 
Paragraph number 20 Although we detected  changes  in  NEAT 48-h after  the  exercise 
session, it is not clear why there was a delayed increase in NEAT on day 7. One explanation 
could  be  the  difference  in  physical  activity  between weekdays  and  weekend  days  (20). 
However, this is not possible in this study because for half the participants, day 7 was a 
weekend day,  and for  the  other  half  it  was  a  week day.  Therefore,  the  phenomenon of 
delayed increase in NEAT needs further examination.
Paragraph number 21 The effect  of exercise  training on NEAT has been reported in  a 
number  of  studies,  but  the  findings  are  inconsistent.  For  instance,  Meijer  et  al.  (24) 
investigated the effect of a 20-wk endurance training program on NEAT using accelerometer 
measured  average daily metabolic  rate  in  healthy people who were preparing for  a  half 
marathon.  Although  the  accelerometer  output  increased  significantly  during  the  training 
program compared with baseline,  the authors suggested that the increase was due to the 
extra activities comprising the training program and suggested that NEAT was not affected 
by the endurance training. Another recent study reported no compensatory effect of a short-
term (8d) exercise programme on NEAT in a lean,  moderately-active group of men and 
women. Therefore, a reduction in body mass, observed in women only, was not explained by 
a change in NEAT but rather by a compensatory increase in food intake (21). In contrast a 
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recent study reported that overweight and obese women compensated by being less active 
outside exercise sessions and achieved lower than predicted fat loss as result of the 8 weeks 
of exercise intervention, although NEAT was not measured (19). However, each of these 
studies only measured NEAT at two time-points,  namely baseline and at  the end of the 
exercise intervention. The acute effect of exercise on NEAT was not investigated. It would 
be of interest to know what temporal changes in NEAT were evident during the intervention. 
Paragraph number 22 In conclusion, the results of our study indicate no adverse effect of 
exercise on NEAT in the days  following a 60-min walking session. Further, we found a 
differential  effect  of  exercise  intensity  on  NEAT  48  h  following  exercise  in 
overweight/obese adults.  Contrary to our hypothesis,  the walking exercise resulted in an 
increase in NEAT in the third day after the exercise session, and this was most pronounced 
in the HIE condition. However, since the average value for both NEAT and ArtACC did not 
confirm the delayed increase in NEAT, this finding needs to be interpreted with caution. 
Moreover, since the aim of this study was to explore the acute effect of exercise intensity on 
NEAT in response to a single exercise session, the effects of 7d of continuous exercise still 
needs to be determined.  These data have positive implications for the role of exercise in 
weight management. Despite a number of claims, imposed acute exercise does not appear to 
induce a compensatory reduction in NEAT in obese individuals. Therefore, a longer term 
study in this population is needed to determine the effect on NEAT following a number of 
exercise sessions.
Acknowledgement
This study was funded by Institute of Health and Biomedical Innovation, Queensland 
University of Technology; and King Saud University. The authors state that the results of 
AC
CE
PT
ED
the present study do not constitute endorsement by the American College of Sports 
Medicine.
References
1. American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and 
Prescription. 7th ed. Philadelphia (PA): LWW; 2006. p. 286-9.
2. Cheung K, Hume P, Maxwell L. Delayed onset muscle soreness : treatment strategies and 
performance factors. Sports Med. 2003;33(2):145-164.
3. Corder K, Ekelund U, Steele RM, Wareham NJ, Brage S. Assessment of physical activity 
in youth. J Appl Physiol. 2008;105(3):977-987.
4. Dunbar CC, Robertson RJ, Baun R, et al. The validity of regulating exercise intensity by 
ratings of perceived exertion. Med Sci Sports Exerc. 1992;24(1):94-99.
5. Epstein LH, Goldfield GS. Physical activity in the treatment of childhood overweight and 
obesity: current evidence and research issues. Med Sci Sports Exerc. 
1999;31(11):553-559.
6. Goran MI, Poehlman ET. Endurance training does not enhance total energy expenditure 
in healthy elderly persons. Am J Physiol. 1992;263(5):950-957.
7. Haslam DW, James WT. Obesity. The Lancet. 2005;366(9492):1197-1209.
8. Hills AP, Byrne NM, Wearing S, Armstrong T. Validation of the intensity of walking for 
pleasure in obese adults. Prev Med. 2006;42(1):47-50.
9. Howatson G, Milak A. Exercise-induced muscle damage following a bout of sport 
specific repeated sprints. J Strength Cond Res. 2009;23(8):2419-2424.
10. Jakicic JM, Marcus BH, Gallagher KI, Napolitano M, Lang W. Effect of exercise 
duration and intensity on weight loss in overweight, sedentary women: a randomized 
trial. Jama. 2003,290(10):1323-1330.
AC
CE
PT
ED
11. Kempen KP, Saris WH, Westerterp KR. Energy balance during an 8-wk energy-restricted 
diet with and without exercise in obese women. Am J Clin Nutr. 1995;62(4):722-729.
12. King NA, Caudwell P, Hopkins M, et al. Metabolic and behavioral compensatory 
responses to exercise interventions: barriers to weight loss. Obesity (Silver Spring). 
2007;15(6):1373-1383.
13. Kochersberger G, McConnell E, Kuchibhatla MN, Pieper C. The reliability, validity, and 
stability of a measure of physical activity in the elderly. Arch Phys Med Rehabil. 
1996;77(8):793-795.
14. Krasnoff JB, Kohn MA, Choy FK, Doyle J, Johansen K, Painter PL. Interunit and 
intraunit reliability of the RT3 triaxial accelerometer. J Phys Act Health. 
2008;5(4):527-538.
15. Kriemler S, Hebestreit H, Mikami S, Bar-Or T, Ayub BV, Bar-Or O. Impact of a single 
exercise bout on energy expenditure and spontaneous physical activity of obese boys. 
Pediatr Res. 1999;46(1):40-44.
16. Levine JA. Nonexercise activity thermogenesis--liberating the life-force. J Intern Med. 
2007;262(3):273-287.
17. Levine JA, Eberhardt NL, Jensen MD. Role of nonexercise activity thermogenesis in 
resistance to fat gain in humans. Science. 1999;283(5399):212-214.
18. Levine JA, Lanningham-Foster LM, McCrady SK, et al. Interindividual variation in 
posture allocation: possible role in human obesity. Science. 2005;307(5709):584-6.
19. Manthou E, Gill JMR, Wright A, Malkova D. Behavioral Compensatory Adjustments to 
Exercise Training in Overweight Women. Med Sci Sports Exerc. 2010;42(6):1121-8.
20. Matthews CE, Ainsworth BE, Thompson RW, Bassett, Jr, DR. Sources of variance in 
daily physical activity levels as measured by an accelerometer. Med Sci Sports Exerc. 
2002;34(8):1376-1381.
AC
CE
PT
ED
21. McLaughlin R, Malkova D, Nimmo MA. Spontaneous activity responses to exercise in 
males and females. Eur J Clin Nutr. 2006;60(9):1055-1061.
22. Meijer EP, Westerterp KR, Verstappen FT. Effect of exercise training on physical 
activity and substrate utilization in the elderly. Int J Sports Med. 2000;21(7):499-504.
23. Meijer EP, Westerterp KR, Verstappen FT. Effect of exercise training on total daily 
physical activity in elderly humans. Eur J Appl Physiol Occup Physiol. 1999;80(1):16-21.
24. Meijer GA, Janssen GM, Westerterp KR, Verhoeven F, Saris WH, ten Hoor F. The effect 
of a 5-month endurance-training programme on physical activity: evidence for a sex-
difference in the metabolic response to exercise. Eur J Appl Physiol Occup Physiol. 
1991;62(1):11-17.
25. Racette SB, Schoeller DA, Kushner RF, Neil KM, Herling-Iaffaldano K. Effects of 
aerobic exercise and dietary carbohydrate on energy expenditure and body composition 
during weight reduction in obese women. Am J Clin Nutr. 1995;61(3):486-494.
26. Schutz Y, Weinsier RL, Hunter GR. Assessment of free-living physical activity in 
humans: an overview of currently available and proposed new measures. Obes Res. 
2001;9(6):368-379.
27. Steinberger J, Daniels SR. Obesity, Insulin Resistance, Diabetes, and Cardiovascular Risk 
in Children: An American Heart Association Scientific Statement From the 
Atherosclerosis, Hypertension, and Obesity in the Young Committee. Circulation. 
2003;107(10):1448-1453.
28. Stubbs RJ, Hughes DA, Johnstone AM, et al. Rate and extent of compensatory changes in 
energy intake and expenditure in response to altered exercise and diet composition in 
humans. Am J Physiol Regul Integr Comp Physiol. 2004;286(2):350-58.
AC
CE
PT
ED
29. Trost SG, Pate RR, Freedson PS, Sallis JF, Taylor WC. Using objective physical activity 
measures with youth: how many days of monitoring are needed? Med Sci Sports Exerc. 
2000;32(2):426-431.
30. Westerterp KR. Alterations in energy balance with exercise. Am J Clin Nutr. 
1998;68(4):970-974.
31. Westerterp KR. Pattern and intensity of physical activity. Nature. 2001;410(6828):539.
32. Westerterp KR, Meijer GA, Janssen EM, Saris WH, Ten Hoor F. Long-term effect of 
physical activity on energy balance and body composition. Br J Nutr. 1992;68(1):21-30.
FIGURES AND TABLES
Figure 1. Schematic overview of the study design. 
(d: day, NEAT: non-exercise activity thermogenesis, MIE: Moderate-intensity walking 
exercise, HIE: High-intensity walking exercise)
Figure 2. Mean NEAT VM (counts.min-1) during seven consecutive days in both MIE and 
HIE protocols.
Figure 3. Mean total daily movement (NEAT plus 1h exercise) on the exercise day for MIE 
and HIE protocols.
Figure 4. Mean NEAT VM (counts.min-1) during pre-exercise (d1-d3 pooled), the exercise 
day (d4) and post-exercise (d5-d7 pooled) for MIE and HIE protocols.
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Figure 5. Mean change in NEAT VM (counts.min-1) based on activity-related time 
equivalent ArteACC (min.d-1) during days 1-7 for MIE and HIE protocols.
Table 1. Mean (± SD) NEAT and ArteACC for the 3-day pre-exercise period, exercise day, 
and 3-day post-exercise period.
SUPPLEMENTAL DIGITAL CONTENT 
Supplemental Digital Content 1.
FIGURE. Individual data of NEAT VM (counts.min-1) for moderate-intensity walking 
exercise (MIE) across 7 days.
Supplemental Digital Content 2.
FIGURE. Individual data of NEAT VM (counts.min-1) for high-intensity walking exercise 
(HIE) across 7 days.
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NEAT: non-exercise activity thermogenesis, ArteACC: activity-related time equivalent 
based on accelerometry
Moderate-intensity walking exercise
(counts.min-1)
High-intensity walking exercise
(counts.min-1)
NEAT
Pre-exercise
(d1-3)
NEAT
Exercise day
(d4)
NEAT
Post-exercise 
(d5-7)
NEAT
Pre-exercise
(d1-3)
NEAT
Exercise day
(d4)
NEAT
Post-exercise
(d5-7)
106.9 ± 30 113.5 ± 43.5 115.2 ± 22.3 108.0 ± 27.2 117.7 ± 39.8 116.6 ±  33.7
Moderate-intensity walking exercise
(min.d-1)
High-intensity walking exercise
(min.d-1)
ArteACC
Pre-exercise
(d1-3)
ArteACC
Exercise day
(d4)
ArteACC
Post-exercise 
(d5-7)
ArteACC
Pre-exercise
(d1-3)
ArteACC
Exercise day
(d4)
ArteACC
Post-exercise
(d5-7)
69.3 ± 16.8 69.9 ± 23.1 75.6 ± 14.3 70.7 ± 16.1 73.7 ± 23.7 76.0 ± 19.2
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